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PHASE  I  REPOKl’ 
NATIONAL  DAM  SAFLT'Y  PROGRAM 
SUMMARY 


Name  of  Dam:  Govro  Lake  Dam 
State  Located:  Missouri 
County  Located:  Ste.  Genevieve 
Stream:  Tributary  of  South  Cabouri  Creek 
Date  of  Inspection:  January  29,  1981 

V 

Govro  Lake  Dam  was  inspected  by  an  interdisciplinary  team  of 
engineers, f^on  Anderson  Engineering,  Inc.  of  Springfield,  Missouri  and 
Hanson  Ri-igi .  pf  Rp-ingfi^lH,  T1  1  i noi  n.  >  The  purpose  of  tflis 
inspection  was  to  make  an  assessment  of  the  general  condition  of  the  dam 
with  respect  to  safety,  based  upon  available  data  and  visual  inspection, 
in  order  to  determine  if  the  dam  poses  hazards  to  human  life  or 
property.  ^ 

The  guidelines  used  in  the  assessment  were  furnished  by  the 
Department  of  the  Army,  Office  of  the  Chief  of  Engineers,  and  they  have 
been  develop^  with  the  help  of  several  Federal  and  State  agencies, 
prof essionaly engineering  organizations,  and  private  engineers.  Based  on 
these  guidelines,  the  St.  Louis  District,  Corps  of  Engineers  has 
determined ^that  this  dam  is  in  the  high  hazard  potential  classification, 
which  means  that  loss  of  life  and  appreciable  property  loss  could  occur 
if  the  d^in  fails.  The  estimated  damage  zone  extends  approximately  five 
miles  df^nstream  of  the  dam.  Located  within  this  zone  cire  several 
dvi«llings,  a  pond,  a  farm,  a  railroad  overpass  and  a  railroad  terminal. 

The  dam  is  in  the  intermediate  size  classification,  since  it  is 
greater  than  40  ft  high  but  less  than  100  ft  high. 

Our  inspection  and  evaluation  indicates  that  the  spillway  does  not 
meet  the  criteria  set  forth  in  the  guidelines  for  a  dam  having  the  above 
size  and  hazard  potential.  The  spillway  flew  line  is  at  a  higher 
elevation  than  the  lew  point  of  tiie  aibankment.  The  dam  will  store  90 
percent  of  the  Probable  Maximum  Flood  without  overtepping.  The  Probable 
Maximum  Flood  is  defined  as  the  flood  discharge  that  may  be  expected 
frem  the  most  severe  combination  of  critical  meteorologic  and  hydrologic 
conditions  that  cure  reasonably  possible  in  the  region.  The  guidelines 
require  that  a  dam  of  intermediate  size  with  a  high  downstream  hazard 
potential  pass  100  percent  of  the  IMF. 


Ilie  100  year  flocxJ  (1  percent  probability  flood)  will  not  overtcp  the 
dam.  The  1  percent  prctoability  flood  is  one  that  has  a  1  percent  chance 
of  being  exceeded  in  any  given  year. 


The  embankment  was  in  good  condition.  Deficiencies  visually 
observed  ty  the  inspection  team  were:  (1)  vertical  alignment  of 
errbankment  crest  uneven;  (2)  scattered  tree  and  bush  growth  on  upstream 
and  downstream  slopes;  (3)  lack  of  permanent  control  section  provided 
for  principal  spillway;  (4)  lack  of  wave  protection  for  the  upstream 
embankment  face;  and  (5)  top  of  dam  elevation  lower  than  principal 
spillway  crest. 

Another  deficiency  was  the  lack  of  seepage  and  stability  arialysis 
records. 

It  is  recommended  that  the  cwners  take  the  necessary  action  witliout 
undue  delay  to  correct  the  deficiencies  reported  herein.  A  detailed 
discussion  of  these  deficiencies  is  included  in  the  following  report. 


Steven  L.  Brad^^ 

Anderson  Engineering,  Incr 


IS — 


Ton  R.  Beckley,  P.'fiv- 
Anderson  Engineering,  ihcT" 


Dave  Daniels,  P.E. 
Hanson  Engineers,  Inc. 


Gene  Wertepny,  P.E.  7^ 

Hanson  Engineers,  Inc. 
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SECTION  1  PROJECT  INFORMATION 


1.1  GENERAL; 

A.  Authority; 

The  National  Dam  Inspection  Act,  l^iblic  Law  92-367,  authorized  the 
Secretary  of  the  Army,  tlrrough  tlie  Corps  of  Engineers,  to  initiate  a 
program  of  safety  inspection  of  dams  tliioughout  tlie  United  States. 
Pursuant  to  the  above,  the  St.  Louis  District,  Cories  of  Engineers, 
District  Engineer  directed  that  a  safety  inspection  be  made  of  Govro 
Lake  Dam  in  Ste.  Genevieve  Coimty,  Missouri. 

B.  Purpose  of  Inspection: 

The  purpose  of  the  inspection  was  to  make  ax'!  assessment  of  the 
general  condition  of  the  dam  witli  respect  to  safety,  based  upon 
available  data  and  a  visual  inspection  in  order  to  determine  if  the  dam 
poses  hazards  to  human  life  or  property. 

C.  Evaluation  Criteria; 

Criteria  used  to  evaluate  the  dam  were  furnished  by  the  Department 
of  the  Anry,  Office  of  the  Chief  of  Engineers,  "Reconmended  Guidelines 
for  Safety  Inspection  of  Dams,  /^pendix  D."  These  guidelines  were 
developed  with  the  help  of  several  federal  agencies  and  many  state 
agencies,  professional  engineering  organizations,  and  private  engineers. 

1.2  DESCRIPTION  OF  PROJECT; 

A.  Description  of  Dam  and  Appurtenances; 

Govro  Lake  Dam  is  an  earth  fill  structure  approximately  45  ft  high 
and  1050  ft  long  at  the  crest.  The  appurtenant  work  consists  of  an 
eartheut  principal  spillway  channel. 

Sheet  3  of  Appendix  A  shows  a  plan,  profile,  and  typical  section  of 
the  entoankments .  Sheet  4  of  Appendix  A  shows  a  cross-section  and 
profile  of  the  principal  spillway.  Sheet  5  of  /^pendix  A  is  a  plan 
sketch  of  the  d^. 

B.  Location; 

The  dam  is  located  in  the  Northeastern  part  of  Ste.  Genevieve 
County,  Missouri  on  a  tributary  of  South  Cabouri  Creek.  The  dam  and 
lake  are  within  the  STE.  Genevieve,  Missouri  -  Illinois  7.5  minute 
quadrangle  sheet  (Section  2,  T37N,  R8E  latitude  37°56.8';  longitude  90° 
07.0').  Sheet  2  of  Appendix  A  shews  the  general  vicinity. 


c. 


Size  Classification: 


With  an  eanbanhnient  height  of  45  ft  ajid  a  maximum  storage  cajxjcjty 
of  approximately  113  acre-ft,  the  dam  is  in  the  intermediate  size 
category . 


D.  Hazard  Classification: 

The  St.  Louis  District,  Corps  of  Engineers  has  det(.'n;iined  that  ti.if 
dam  is  in  the  high  hazard  ptoential  classification.  The  estimated 
damage  zone  extends  approxirrately  five  miles  dewnstream  of  the  dairc. 
Located  within  this  zone  are  several  dwellings,  a  pond,  a  bam,  a 
railroad  overpass  and  a  railroad  terminal.  The  affected  features  witl.j; 
the  damage  zone  were  verified  by  the  inspection  team. 

E.  Ownership: 

The  dam  is  owned  by  Mrs.  Bgar  Govro, 

The  owner's  address  is  RFD  2,  Box  21,  Ste.  Genevieve,  Missouri. 

F.  Purpose  of  Dam: 

The  dam  was  constructed  primarily  for  recreation. 

G.  Design  and  Construction  History: 

Construction  of  the  dam  was  started  in  1964  and  ccjipieted  in  J9G8. 
Mr.  Edgar  Govro  (deceased)  constructed  the  dam.  All  information 
relative  to  the  dam  was  obtained  from  conversations  with  Mrs.  Edgar 
Govro. 

Mrs.  Govro  stated  that  a  core  trench  was  excavated  along  the 
centerline  of  the  embankment.  The  material  for  the  embankment  and  core 
trench  was  obtained  from  the  lake  bed  area. 

No  design  or  engineering  drawings  were  prepared  for  the 
construction  of  the  dam.  All  layout  dimensions  of  the  embankment  and 
spillway  were  set  by  Mr.  Govro. 

Mrs.  Govro  indicated  that  during  construction,  numerous 
outcrojpings  of  rock  were  exposed  in  the  lake  bed.  After  corpletion  o£ 
the  dam,  Mrs.  Govro  stated  that  the  lake  level  remained  essentially 
about  3  or  4  feet  above  the  bottem  of  the  lake.  Two  years  after  the  dam 
was  corrpleted,  Mrs.  Govro  stated  than  an  unknown  quantity  of  concrete 
was  placed  around  some  outcroppings  of  rock  near  the  bottom  of  the  lake. 
The  repair  procedure  resulted  in  raising  the  normal  maintained  pool  to 
its  present  elevation  of  637.0.  No  additional  repairs  have  been 
attempted  to  raise  the  pool  level.  The  owner  stated  that  the  downstream 
area  was  walked  numerous  times  in  an  effort  to  locate  water  egress.  No 
apparent  point  of  egress  has  been  located  to  date. 


H.  Normal  Operating  Procedures; 

The  dam  was  designed  for  flows  to  be  passed  by  the  uncontrolled 
earthcait  spillway  at  the  North  abutment.  The  flew  line  of  the  spillway 
is  1,6  feet  above  the  lowest  elevation  of  the  dam  (Station  4+00)  . 
Consequently,  all  flews  would  be  passed  over  the  embankment  crest.  Mrs. 
Govro  stated  that  the  dam  had  never  been  overtopped.  She  further  stated 
the  naximum  water  level  she  recalls  was  about  20  feet  iDelcw  the  top  of 
the  dam. 

1.3  PERTINENT  DATA; 

Pertinent  data  about  the  dam,  appurtenant  works,  and  reservoir  are 
presented  in  the  following  paragraphs.  Sheet  3  of  Appendix  A  presents  a 
plan,  profile,  and  typical  section  of  the  embankment. 

A.  Drainage  Area; 

The  drainage  area  for  this  dam,  as  ctotained  from  the  U.S.G.S,  quad 
sheet,  is  approximately  32  acres. 

B.  Discharge  at  Dam  Site; 

All  discharge  at  the  dam  site  is  through  overtopping  of  the 
embankment  crest  (Station  4+00) . 

Estimated  Total  Spillway  Capacity  at  Maximum  Pool  (Top  of  dairi  El. 
666.0);  0  cf.s 

Estimated  Capacity  of  Principal  Spillway:  255  cfs  at  elevation 
670.0. 

Estimated  Capacity  of  Elnergency  Spillway:  Not  applicable. 

Estimated  Experience  Maximum  Flood  at  Dam  Site: 

Elevation  646,6  (High  water,  no  flew). 

Diversion  Tunnel  Lew  Pool  Outlet  at  Pool  Elevation: 

Not  i^licable. 

Diversion  Tunnel  Outlet  at  Pool  Elevation: 

Not  T^licable, 

Gated  Spillway  Capacity  at  Pool  Elevation: 

Not  ;^licable. 

Gated  Spillway  Capacity  at  Maximum  Pool  Elevation: 

Not  Applicable. 

C.  Elevations; 

All  elevations  are  consistent  with  an  assumed  mean  sea  level 
elevation  of  670.0  for  tc^)  of  house  floor  slab,  station  0-70,  75  feet 
left  of  centerline  of  dam  (estimated  from  quadrangle  map) . 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 
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(1)  Itop  of  Dam:  (>00. UO  feet,  MSL  (Luw  Point);  669.5  feet,  MSL  (High 
Point) 

(2)  Principal  Spillway  Crest:  667.6  feet,  MSL 

(3)  Emergency  Spillway  Crest:  Not  Applicable 

(4)  Principal  Spillway  Pipe  Invert  at  Outlet:  Not  /^plicable 

(5)  Streambed  at  Centerline  of  Dam:  626.0  feet,  MSL 

(6)  Pool  on  Date  of  Inspection:  637.0  feet,  MSL 

(7)  i^parent  High  Water  Mar)c:  646.6  feet,  MSL 

(8)  Maximum  Tailwater:  Not  Applicable 

(9)  Upstream  Portal  Invert  Diversion  'I'unnel:  Not  ^plicable 

(10)  Downstream  Portal  Invert  Diversion  Tunnel:  Not  Applicable 


D.  Reservoir  Lengths: 

(1) 

At  Top  of  Dam:  600  feet 

(2) 

At  Elnsrgency  Spillway  Crest: 

Not  T^plicable 

(3) 

At  Principal  Spillway  Crest: 

620  feet 

E.  Storage  Capacity: 

(1) 

At  Top  of  Dam:  113  Acre-Foot 

(2) 

At  Elnergency  Spillway  Crest: 

Not  /^licable 

(3) 

At  Principal  Spillway  Crest: 

125  Acre-Foot 

F.  Reservoir  Surface  Areas: 

(1) 

At  Top  of  Dam:  6.8  Acres 

(2) 

At  Elnergency  Spillway  Crest: 

Not  ^^^licable 

(3) 

At  Principal  Spillway  Crest: 

7.2  Acres 
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G.  Dam; 

(1)  Type:  Rolled  Earth 

(2)  Length  at  Crest:  1050  feet 

(3)  Height:  45  feet 

(4)  Top  Width:  9  feet 

(5)  Side  Slopes:  Upstream  varies  from  IV  on  3.2  H  to  IV  on  3.5  H 
Downstream  varies  from  IV  on  2.0  to  IV  on  2.5  H 

(6)  Zoning:  Apparently  Homogeneous 

(7)  Impervious  Core:  None 

(8)  Cutoff:  Key  trench,  depth  unknown 

(9)  Grout  Curtain:  None 

H.  Diversion  and  Regulating  Tunnel; 

(1)  Type:  Not  Applicable 

(2)  Length:  Not  Afplicable 

(3)  Closure:  Not  Applicable 

(4)  Access:  Not  T^licable 

(5)  Regulating  Facilities;  Not  ^^licable 

I.  Spillway; 

I.l  Principal  Spillway: 

(1)  Location;  North  Abutment 

(2)  Type;  Eartheut  Channel 

(3)  Upstream  Channel:  Earth  and  Rock  Outcropping  Channel 

(4)  Downstream  Channel:  Eartheut  Channel 


< 
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1.2  Emergency  Spillway: 

(1)  Location:  Not  ;^licable 

(2)  Type:  Not  Afplicablo 

(3)  Upstream  Channel:  Not  Applicable 

(4)  Downstream  Channel:  Not  Applicable 

J.  Recfulatinq  Outlets:  There  are  not  regulating  outlets 
with  this  dam. 
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SECTION  2  ENGINEERING  DATA 


2 . 1  DESIQJ 

(  - 

Itere  were  no  design  calculations  or  engineering  drawings  prepared 
for  the  dam.  No  documentation  of  construction  inspection  records  were 
available.  There  are  no  documented  maintenance  data. 

A.  Surveys; 

No  pre-construction  survey  data  was  available.  The  survey  data  for 
construction  of  the  dam  was  set  by  Mr.  Govro. 

Sheet  3  of  Appendix  A  presents  a  plan,  profile  and  cross-section  of 
the  dam  from  survey  data  obtained  during  our  site  inspection.  The  top 
of  the  house  floor  slab  at  station  0-70  was  used  for  our  site  datum. 

The  mean  sea  level  elevation  of  670.0  for  our  site  datum  was  estimated 
from  the  Ste.  Genevieve,  Missouri-Illinois  7.5  nunute  quadrangle  sheet. 

B.  Geology  and  Subsurface  Materials; 

The  site  is  located  along  the  Eastern  edge  of  the  Ozarks  geologic 
region  of  Missouri.  The  Ozarks  are  characterized  topographically  by 
hills,  plateaus,  and  deep  valleys.  The  most  common  bedrock  types  are 
dolomite,  sandstone  and  chert.  The  "Geologic  Map  of  Missouri"  indicates 
that  the  bedrock  in  the  site  area  consists  of  the  Plattin  and  Decorah 
formations.  The  Plattin  consists  of  evenly  bedded,  dark  gray,  finely 
crystalline  to  sublithographic  limestone  which  contains  minor  amounts  of 
intercolated  shale.  The  Decorah  consists  of  green  or  brown  shales  and 
has  numerous,  thin,  interbedded  limestone  layers  in  its  lower  part  that 
grade  ipward  into  a  medium  to  thinly  bedded,  fossiliferous  limestone 
which  contains  thin,  fossiliferous  shale  partings.  The  U.S.G.S.  quad 
sheet  indicates  several  sinkholes  in  the  area. 

The  "Geologic  Map  of  Missouri:  indicates  several  normal  faults 
located  west  of  the  site.  The  site  is  located  in  seismic  zone  2 
(moderate  damage  zone)  but  is  close  to  the  boundary  of  zone  3  (major 
danage  zone ,  see  sheet  3  of  i^pendix  B) . 

Examination  of  the  site  indicated  a  fairly  thin  soil  cover. 
Limestone  laedrock  was  exposed  in  the  lake  area  and  close  to  the  crest  of 
the  dam  in  the  spillway  area.  The  soils  are  of  the  Menfro  -  Winfield  - 
Soil  Association  and  have  developed  frcm  thick  loess  deposits  (see 
Loessial  Ihickness  Map,  sheet  2  of  Appendix  B) .  Auger  probes  in  the 
enbankment  indicate  the  soils  to  be  reddish-brcwn  clayey  silts  to  silty 
^  clays  (ML-CL). 
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C.  Foundation  and  Onbankment  Design; 

No  foundation  and  embiinknent  design  infomotion  was  availeible. 
Seepage  and  stability  analysis  apparently  were  not  performed  as  required 
in  the  Corps  of  Engineering  guidelines.  The  owner  indicated  that  a  core 
trench,  unknown  width  and  depth,  was  excavated  to  a  clay  base.  All 
eniDankment  fill  material  was  c±)tained  fron  the  lake  bed  area. 

D.  Hydrology  and  Hydraulics; 

No  hydrologic  and  hydraulic  design  computations  are  available  for 
this  dam.  Based  on  field  measurements  of  spillway  dimensions  and 
embankment  elevations  and  the  watershed  area,  lake  area  and  storage  data 
from  U.S.G.  S.  quadrangle  sheets,  hydrologic  analyses  using  U.S.  Army 
Corps  of  Engineers  guidelines  were  performed  and  appear  in  i^pendix  C. 

E.  Structure; 

There  are  no  structures  associated  with  this  dam. 


2.2  CONSTRUCTION; 

No  construction  inspection  data  are  available. 

2.3  OPERATIOJ; 

Normal  flews,  if  the  lake  were  capable  of  maintaining  a  full  pool, 
would  be  passed  over  the  embankment  crest  near  the  center  of  the  dam. 
The  elevation  of  the  principal  spillway  flow  line  is  1.6  feet  higher 
than  the  lew  point  of  the  crest  of  the  embankment. 


2.4  EVALUATION: 


A.  Availability: 

No  engineering  data,  seepage  or  stability  analyses,  or  construction 
test  data  was  available. 

B.  Adequacy: 

The  engineering  data  available  were  inadequate  to  irake  a  detailed 
assessment  of  the  design,  construction,  and  operation  of  this 
structure.  Seepage  and  stability  analyses  corparable  to  tlie 
requirements  of  the  "Recortmended  Guidelines  for  Safety  Inspection  of 
Dams"  were  not  available,  which  is  considered  a  deficiency.  These 
seepage  and  stability  analyses  should  be  performed  for  appropriate 
loading  conditions  (including  earthquake  loads)  and  made  a  matter  of 
record. 

C.  Validity; 

To  our  knowledge,  no  valid  engineering  data  on  the  design  or 
construction  of  the  embankment  is  available. 
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SECTION  3  VISUAL  INSPECTION 


3.1  FINDINGS; 

A.  General; 

The  field  inspection  was  made  on  January  29,  1981.  The  inspection 
team  consisted  of  personnel  from  Anderson  Engineering,  Inc.  of 
Springfield,  Missouri  and  Hanson  Engineers,  Inc.  of  Springfield, 
Illinois.  The  team  members  were: 

Steven  L.  Brady  Anderson  Engineering,  Inc.  (Civil  Engineer) 

Tom  R.  Beckley  Anderson  Engineering,  Inc.  (Civil  Engineer) 

Gene  Wertepny  Hanson  Engineers,  Inc.  (Hydraulic  Engineer) 

Dave  Daniels  Hanson  Engineers,  Inc.  (Geotechnical  Engineer) 

Photographs  of  the  dam,  af^urtenant  structures,  reservoir,  and 
downstream  features  are  presented  in  Appendix  D. 

B.  Dam: 

The  onbankment  appears  to  be  in  good  condition  with  grass  cover 
noted  on  the  upstream  and  downstream  slopes  of  the  ernbankment.  The  9 
foot  wide  crest  of  the  enfcankment  was  grass  covered.  The  embanloinent  was 
constructed  with  a  gentle  sweeping  curve  downstream  of  the  lake.  The 
vertical  alignment  along  the  crest  was  irregular,  sloping  downward  froxn 
the  abutments  to  the  center  of  the  dam.  Near  the  center  of  the 
embankment  a  definite  lew  area  was  noted  (see  sheet  3  of  Appendix  A) . 

The  elevation  of  the  top  of  dam  veurioxi  from  669.5  (North  abutment)  to 
666.0  (Station  4+00).  The  lew  point  of  the  crest,  elevation  666.0,  was 
1.6  feet  belcw  the  principal  spillway  crest,  elevation  667.6. 

The  slopes  of  the  embankment  were  relatively  constant.  The 
upstreams  slope  varied  from  IV  on  3.2  H  to  IV  on  3.5  H.  The  downstream 
slope  varied  from  IV  on  2.0  H  to  IV  on  2.5  H.  No  surface  cracking  of 
the  embankment  was  noted.  The  junctions  of  the  emban]<anent  and  the 
aJautements  appeared  gcod.  No  significant  erosion,  sloughing  or  other 
unusual  novatients  were  noted.  No  animal  burrews  were  observed. 

Snail  trees  and  brush  growths  were  observed  on  the  upstream  slope 
at  and  slightly  abcjve  normal  pool  elevation  (elevation  637.0) . 

Scattered  small  tree  growths  were  observed  on  the  upstream  and 
downstream  slopes  of  the  embankment. 

No  riprap  was  noted  along  the  upstream  slope.  Due  to  the  low  pool 
level  of  the  dam,  erosicjn  from  wave  ac±ion  is  not  a  prcblem.  A  number 
of  large  rocks,  2  to  3  feet  in  diameter,  were  noted  along  the  upstream 
slope. 

No  seepage  or  point  of  water  egress  from  the  purported  lake  leakage 
was  observed. 
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No  instrumentation  (monuments,  piezometers,  etc.)  was  observed. 


Shallow  auger  probes  in  the  crest  of  the  embankment  indicate  the 
soil  to  be  a  reddish-brown  silty  clay  (ML  to  CL) . 

C.  Appurtenant  Structures; 

C.l  Principal  Spillway; 

The  principal  spillway  is  an  eartlicut  channel  located  at  the 
junction  of  the  embankment  and  the  North  abutment.  The  control 
section  of  the  spillway  is  gravel-covered.  The  spillway  has  never 
carried  any  flow  due  bo  the  lake  not  filling  and  the  spillway  crest 
is  1.6  feet  higher  than  the  Icxtf  point  of  the  dam.  No  nonerodible 
control  section  for  the  spillway  was  provided. 

C.2  Bnergency  Spillway; 

There  is  no  emergency  spillway  associated  with  this  dam. 

D.  Reservoir; 

The  waberslied  is  primarily  pastureland  with  rolling  to  moderate 
slc^s.  No  significant  erosion  or  sloughing  was  noted.  No  significant 
siltation  was  noted  and  it  not  considered  to  be  a  prcblem.  Considerable 
rock  outcropping  has  been  exposed  within  the  reservoir  area.  The  rock 
was  exposed  during  construction  of  the  dam. 

E.  Downstream  ClTannel; 

The  downstream  channel  is  generally  tree  lincxl  with  a  well  defined 
channel.  The  side  slopes  are  gentle  to  rolling. 

3.2  EVALUATION; 

The  embankment  is  in  good  structural  condition.  Trees  and  brush  on 
the  dam  constitute  a  potential  hazetrd  and  encourage  animal  burrewing. 

The  lack  of  nonerodible  control  section  for  the  spillway  and  lack  of 
wave  protection  for  the  upstream  slope  of  the  embankment  could  seriously 
affect  the  structural  stability  of  the  dam.  Discharge  over  the 
QTbankment  at  the  lew  point  of  the  dam  could  create  a  potential  hazard 
and  affect  the  embankment  stability. 
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SBCTIC»]  4  OPERATICWAL  PHOCEDURES 


(  4.1  PROCEDURES: 

There  are  no  operating  facilities  associated  with  the  dam.  The 
pool  level  is  normally  controlled  by  rainfall,  runoff,  evaporation  and 
apparent  leakage  frcm  the  reservoir.  The  cwner  reported  the  pool  lo\'el 
has  never  reached  the  top  of  the  dam.  No  discharge  has  been  carried  by 
the  spillway  section  which  is  1.6  feet  above  tlie  lew  point  elevation  of 
the  embankment. 

4.2  MAINTENANCE  OF  DAM; 

No  scheduled  maintenance  of  the  dam  is  knewn  to  be  provided. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES; 

There  are  no  operating  facilities  for  this  dam. 

4.4  DESCRIPTIOJ  OF  ANY  WARNING  SYSTEM  IN  EFFECT; 

The  inspection  team  is  unaware  of  any  existing  warning  system  for 
this  dam. 

4.5  EVAUJATION; 

The  tree  and  brush  growth  on  the  dam,  apparent  leakage  from  the 
reservoir,  lack  of  wave  protection,  lack  of  a  nonerodible  control 
section  for  the  spillway  and  the  potential  discharge  over  the  embankment 
rather  than  through  the  spillway  section  are  deficiencies  which  should 
be  corrected.  Remedial  measures  should  be  investigated  by  an  engineer 
experienced  in  the  design  and  construction  of  dams. 


( 
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SECTION  5  HYDRAULIC/HYDMOLOGIC 


5.1  EVALUATION  OF  FEATURES; 

A.  Design  Data; 

No  hydrologic  or  hydraulic  design  caiputations  for  this  dcim  were 
available. 

B.  Experience  Data; 

No  recorded  rainfall,  runoff,  discharge,  or  reservoir  stage  data 
were  available  for  this  lake  and  watershed.  The  cwner  stated  that  the 
dam  has  never  been  overtopped.  The  apparent  high  water  line  was  at 
elevation  646.6  (top  of  dam  elevation  is  666.0).  Our  hydrologic  and 
hydraulic  analyses  using  Amy  Corps  of  Engineers  guidelines  appears  in 
Appendix  C. 

C.  Visual  Observations; 

The  crest  of  the  principal  spillway  is  1.6  feet  above  the  lew  point 
of  the  dam.  Overtopping  of  the  d^  would  occur  before  any  discharge  is 
carried  by  the  spillway.  The  approach  to  tJie  spillway  is  clear.  The 
leakage  of  the  reservoir  appears  to  be  the  major  factor  in  the  low 
normal  pool  level.  The  principal  spillway  channel  is  well  separated 
fretn  the  errtoankment ,  and  if  used,  spillway  releases  would  not  be 
expected  to  endanger  the  dam.  The  downstream  channel  is  well  defined 
with  tree  and  brush  growth  noted. 


( 
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D.  Overtopping  Potential; 

The  hydraulic  and  hydrologic  analyses  (using  the  U.S.  Antry  Corps  ot 
Engineers  guidelines  and  HECl  computer  prcjgram)  were  based  on:  (1)  a 
field  survey  of  spillway  dimensions  and  arfcantanent  evaluations;  and  (2) 
an  estimate  of  the  reservoir  storage  and  pool  and  drainage  areas  from 
the  Ste.  Genevieve,  Missouri-Illinois  7.5  Minute  U.S.G.S.  quad  sheet. 

Based  on  the  hydrologic  and  hydraulic  analysis  presented  in 
Appendix  C,  the  dam  will  store  90  percent  of  the  Prcfcable  Maximum  flood. 
The  Prcfcable  Maximum  Flood  is  defined  as  the  flood  discharge  that  may  be 
expected  from  the  most  severe  ccmbination  of  critical  meteorologic  and 
hydrologic  conditions  that  are  reasonably  possible  in  the  region.  The 
recomnended  guidelines  from  the  Department  of  the  Army,  Office  of  the 
Chief  of  Engineers,  require  that  this  structure  (intermediate  size  with 
high  dcwnstream  hazard  potential)  pass  the  PMF,  without  overtopping. 

The  dam  will  store  a  1  percent  probability  flood. 

i^lication  of  the  prcbable  maximum  precipitation  (PMP)  ,  minus 
losses,  resulted  in  a  flood  hydrograph  peak  inflow  of  910  cfs.  For  50 
percent  ot  the  PMF,  the  peak  inflow  was  460  cfs. 

The  routing  of  50  percent  of  tlie  PMF  indicates  that  this  inflow 
will  all  be  stored  within  the  lake.  The  peak  Icike  elevation  for  50 
percent  of  the  PMF  would  be  662.3  (tcp>  dam  elevation  is  666.0) .  The 
routing  of  the  PMF  indicates  the  dam  will  be  overtopped  by  0.9  feet  at 
elevation  666.0.  The  maximum  outflow  over  the  dam  will  be  370  cfs,  and 
the  duration  of  overtopping  will  be  8.5  hours.  No  outflow  will  be 
carried  by  the  spillway  (crest  elevation  of  667.6).  Overtopping  of  an 
earthen  arijankment  could  cause  serious  erosion  and  could  possibly  lead 
to  failure  of  the  structure. 


( 
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SECTION  6  STRUCnJKAL  STABILII'Y 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY: 


A.  Visual  Observations: 

Observed  features  which  could  adversely  affect  the  structural 
stability  of  this  dam  are  discussed  in  Sections  3. IB  and  3.2. 

B.  Design  and  Construction  Data: 

Seepage  and  stability  analyses  conparable  to  the  requirements  of 
the  guidelines  were  not  available,  which  constitutes  a  deficiency  which 
should  be  rectified. 

C.  Operating  Records: 

No  operating  records  have  been  obtained. 

D.  Post-Construction  Changes: 

The  only  reported  post-construction  change  to  the  dam  was  the 
attempted  concrete  repairs  to  stop  the  leakage  from  the  reservoir. 

E.  Seismic  Stability; 

The  structure  is  located  in  seismic  zone  2.  An  earthquake  of  tliis 
magnitude  would  not  generally  be  expected  to  cause  severe  structural 
damage  to  a  well  constructed  earth  dam  of  this  size. 
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SECTION  7  ASSESSMENlVl^EMEDlAL  MEASURES 


7 . 1  DAM  ASSESSMENT ; 

This  Phase  I  inspection  and  evaluation  should  not  be  conr.ide'red  as 
being  catprehensive  since  the  scope  ot  work  contracted  for  is  far  less 
detailed  than  would  be  required  for  an  in-depth  evaluation  of  dams. 
Latent  deficiencies,  which  might  be  detected  by  a  totally  conprehensive 
investigation,  could  exist. 

A.  Safety; 

The  ambanknent  is  in  good  condition.  Several  items  were  noted 
during  the  visual  inspection  which  should  be  investigated  further, 
corrected  or  controlled.  These  items  are:  (1)  Irregular  vertical 
alignment  of  embankment  (2)  Top  of  dam  elevation  Icwer  than  principal 
spillway  crest  (3)  Scattered  tree  and  brush  growth  on  embankment  (4) 
Lack  of  permanent  control  section  provided  for  princij  al  spillway  and 
(5)  lack  of  wave  protection  for  upstream  slope. 

Another  deficiency  was  the  lack  of  seepage  and  stability  analyses 
records . 

The  dam  will  be  overtopped  by  flows  in  excess  of  90  percent  of  the 
Probable  Maximum  Flood.  Overtopt)ing  of  an  earthen  embankment  could 
cause  serious  erosion  ajid  could  possibly  lead  to  failure  of  the 
structure. 

B.  Adequacy  of  Information: 

The  conclusions  in  ttiis  report  were  based  on  the  performance 
history  as  related  by  others,  and  visual  observation  of  external 
conditions . 
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The  inspection  team  considers  that  these  data  are  sufficient  to 
sup^rt  the  conclusions  herein.  Seepage  ajid  stability  analyses 
cotparable  to  the  "Reconmended  Guidelines  for  Safety  Inspection  of  Dams" 
were  not  available,  which  is  considered  a  deficiency. 

C.  Urgency; 

The  remedial  measures  recormended  in  paragraph  7.2  should  be 
accaiplished  without  undue  delay.  If  the  deficiencies  listed  in 
Paragraph  A  are  not  corrected,  and  if  good  maintenance  is  not  providcxJ, 
the  embankment  condition  will  deteriorate  and  possibly  could  beccne 
serious  in  tlie  future.  The  items  reconmended  in  paragraph  7.2A  should 
be  pursued  without  undue  delay. 

D.  Necessity  for  Additional  Inspection; 

Based  on  the  result  of  the  Phase  I  inspection,  no  Phase  II 
inspection  is  reccmnended. 

E.  Seismic  Stability; 

The  structure  is  located  in  seismic  zone  2.  An  earthquake  of  this 
magnitude  would  not  generally  be  expected  to  cause  severe  structural 
damage  to  a  well  constructed  earth  dam  of  this  size. 

7.2  RHVEDIAL  MEASURES: 

The  following  remedial  measures  and  nointenance  procedures  are 
recommended.  All  remedial  measures  should  be  perform^  under  Uie 
guidance  of  a  professional  engineer  experienced  in  the  design  and 
construction  of  dams. 


( 
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A.  Alternatives: 


(1)  Spillway  size  and/or  height  of  dam  should  be  increased 
to  pass  the  PMF.  In  either  case,  the  spillway  should 
be  protected  to  prevent  erosion. 

B.  O  &  M  Procedures; 

(1)  Seepage  and  stability  analyses  ccmparable  to  the 
requirements  of  the  reccnmended  guidelines  should 
be  performed  by  an  engineer  ejq)erienced  in  the 
construction  of  dams. 

(2)  Brush  and  tree  growth  should  be  removed  froti  the 
anbankment .  This  should  be  done  under  the  guidance  of 
a  professional  engineer  experienced  in  the  design  and 
construction  of  dams.  Indiscriminate  clearing  methods 
could  jeopardize  the  safety  of  the  dam. 

(3)  The  leakage  should  be  investigated  by  a  professional  engineer 
experienced  in  the  design  and  construction  of  dams.  Remedial 
measures  may  be  required. 

(4)  Wave  protection,  such  as  riprap,  should  be  provided  for  the 
upstream  face  of  the  embankment. 

(5)  A  nonerodiable  control  section  should  be  provided  for  the 
principal  spillway. 

(6)  The  irregular  vertical  alignment  of  the  embankment  should  be 
corrected.  As  a  minimum,  the  arbanknent  elevation  and/or 
spillway  elevation  should  be  corrected  to  have  discharges 
carried  through  the  spillway  section. 

(7)  A  detailed  inspection  of  the  dam  should  be  made 
periodically  by  an  engineer  experienced  in  the 
design  and  construction  of  dams. 


( 
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tlYDKOLOt;  I  C  AND  IIYDRADI,  I  C  ANALYSIS 

To  dotornuiu'  llio  ovor  Lo|>pi  n;’.  poti-nl  i.il,  t  lo.ul  roiil  iii);s  wii  i’  per  1 1  >  r  lii  i! 
by  applying  tlie  I’rohaliU'  M.ixinimii  I’rec  i  p  i  L.i  I  i  on  (I’MI’)  Lo  a  syiiiln^ii  unit 
hydrograpii  to  Jovolop  llio  iiillow  liy<lrogr,ii)li .  I'lu-  iiil  low  liydrogi  upli  w.i 
tbon  routed  through  thi’  reservoir  and  spillway.  The  overtoppinj;  an.ilv.i  ; 
was  accomplished  using  tlie  systemized  i-oinpnler  program  IILOI  (Dam  Sal.  1. 
Version),  July  1978,  prepari’d  by  the  Hydrologic  Kng,  1  ni'cr  i  ng,  LintiT,  I'.... 

Army  Corps  of  engineers,  D.ivis,  Calilornia. 

I’he  PMl’  was  di'terniined  from  re)’,ional  ciiarls  prepariul  by  tlie  Nat  i'  ii  il 
Weather  Service  in  "hydrometeorological  Report  No.  CJ."  Keduct  imi 
factors  were  not  applied.  I'he  rainf.ill  il  i  s  t  r  i  hut  i  on  lor  tlu’  J'l-iiour  I’M)’ 
storm  duratioti  Vvttts  assumed  .accord  i  ng,  to  tin  jirocedures  oiitliiiid  in  IM 
1110-2-1411  (Sl’l)  l)e  termiti.at  ion)  . 

The  synthetic  unit  hydrogr.iph  for  the  watershed  was  developed  by 
the  computer  progr.im  using  the  SCS  method.  The  time  of  (UMicen  t.  r  a  t  i  on 
w.is  estimated  using  Lite  Kirpich  forinuJa.  This  lormula  and  thi.'  paraaut  ers 
for  the  unit  hydrojtraiih  are  shown  in  'I'.able  1  (Sheet  4,  Appiaidi:-.  C)  •  ihe 
time  of  concent  r;tt  ion  w.as  also  verified  from  velocity  estimates  for  the 
itverage  slopes  of  the  w.atershed  and  the  m.ain  chatincl  (Desist  ol  Sm,a  1 1 
Dj^is,  pagi'  7U,  1974  edition). 

The  SCS  curve  number  (CN)  method  was  used  in  computing  the  infiltr.a- 
t  ion  losses  for  rainfall-runoff  relationship.  The  CN  values  used  for 
the  antecedent  moisture  conditions  (AMC) ,  and  the  result  from  the  computer 
output,  are  shown  in  Table  2  (Sheet  5,  Appendix  C) .  I'or  the  antececkuit 
storms,  AMC  T1  wa.s  used. 

The  reservoir  routing  was  accomplished  by  using  the  Modified  Puls 
Method.  Antecedent  storms,  assuming  the  st.arting  reservoir  elevation  .at 
the  mean  annual  high  w.ater,  were  routed  to  deti'rmine  the  starting  I'lev.a- 
tion  for  the  major  floods.  The  hydr.aulic  capacity  of  the  spillway  and 
the  storage  capacity  of  the  reservoir  were  defined  by  the  elevation- 
surface  area-storage-discharge  relationships  shown  in  Table  3  (Sheet  3, 

Appendix  C) . 

The  reservoir  of  this  dam  has  never  been  filled  because  of  leakage. 

To  account  for  the  effect  of  reservoir  stor.age  in  the  routing,  an  ante¬ 
cedent  storm  of  25  percent  and  50  percent  of  the  PMF  wa.s  considered 
assuming  the  reservoir  at  elevation  646.6  (mean  .innu.al  high  w.ater)  to 
determine  the  starting  reservoir  elevation  for  the  routing  of  50  percent 
and  100  percent  of  the  PMF  respectively.  The  25  percent  PMF  re, ached 
elevation  651.9,  and  the  50  percent  PMF  reached  elevation  657.2.  These 
antecedent  storms  were  assumed  to  occur  four  days  prior  to  to  the  corresponding 
storm.  TTiere  are  no  outlet  works  or  dewatering  structures  in  this  d.am. 

The  loss  of  storage  during  that  time,  due  to  leakage,  wa.s  neglected. 

Thus,  the  final  routing  analysis  was  .accomplished  starting  at  elevation 
657.2  for  the  PMF,  and  at  elevation  651.9  for  the  50  percent  PMF  storm. 
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Thi'  spillway  ci’est  I'levatioii  (667.0)  in  thi:;  ir;  hipji'T  tiian  t.l;' 

to;j  of  dam  olevation  (666.0).  To  r'un  lh«!  HKC- 1  cornputoi’  pt'ojMMm  iind'-r 
this  condition,  only  lot-  tha  PMI'  (ovc>rto[)S  the  (J<im),  IIk;  ,'j[)iMw.iy 
elevation  was  assumed  equal  to  the  top  <jt  dam  (.-Levation  (666.0),  afid  t.li' 
rating  curve  was  adjusted  as  follows: 

1)  Discharge  at  elev.jtion  666.0  =  0  efa. 

7)  Discliarge  at  elevation  667.6  =  1  cts. 

See  cards  YU,  Yb  and  C$  on  Sheet  10,  7,;.pendly.  C  for  clari  ficat  ii  ai . 

The  ’.'•'rcentage  of  the  PMf  that  wiJ,l  reach  tfie  top  of  tdie  lem  w-r 
estimated  to  be  90  [)ercent. 

The  rating  curve  for  the  spillway  (see  Tabic  4  Stx.'Ct  6,  Aj'i.'caniix  f) 
was  determined  assuming,  critical  flow  conditions  on  a  tra[)Og.oida  1  bro  id- 
crested  woii',  and  a[>[)i'o-.ich  channel  losses  e((ual  Lo  30  percoiit  oi  th" 
critical  velocity  head. 

The  flow  ovei'  the  crest  of  tiie  dam  during  overto[>ping  was  di.'t'.'rmi  n'.c.i 
using  the  non-level  dam  option  ($L  and  $V  cards)  of  thf?  HEC-1  pirogrvim. 

The  program  assumes  ciritical  flow  over  a  broad-created  weir.  The 
lowest  elevation  of  the  crest  of  the  dam,  obtained  from  survey  measurcjmc-nt 
was  assumed  as  top  of  dam  elevation. 

A  summary  of  the  routing  analysis  is  shown  in  Table  5  (Sheet  7, 
Aj'pcndix  C).  The  result  tjl  the  roulin.g.s  indicates  tliat  tlic  ress'rvoir 
will  store  tile  i  peicj'.Mit  pa'obabi  lity  1  loud  witliout  re<iching  the  top  ol 
the  clam. 

Tile  computei'  input  data  and  a  summai'y  of  the  output  data  foT'  the 
antecedent  storms  ind  ttio  PMF  are  presented  on  Siieets  B  through  11  of 
Appendix  C.  A  plot  of  tiie  ini  low-out  1  low  tiydrograph  for  tiie  PMf  is 
shown  on  Siieot  12,  Appendix  C.  Tiie  input  <.iata  and  a  summary  of  tlio 
output  data  for  50  percent  of  the  I’MF  are  siiown  on  Sheets  13  and  .L4  i.>f 
Appendix  C. 


i^heet  3,  Appendix  F 


T  A  B  LI  -;  i 

SYN'I'UKTIC  UNIT  IIYDKIM iKM’ll 


P.1  r ajiK' t  ors  : 

Draina^t'  Ari‘a  (A) 
laTigtli  ot‘  Watercourse  (I.) 
Difteroncc  in  cKvation  (II) 
Time  of  concentration  (Tc) 
Lag  Time  (l.g) 

Time  to  peak  (i'p) 

Peak  Discharge  (Qp) 

Duration  (D) 

Time  (Min.)(*) 

0 

5 

10 

15 

20 

25 

30 

(*)  From  tlie  computer  output 


0 . 05  S(|  mi  1 1’: . 
0.27  mil  as 
15}  It 

0.08  hrs 

0.05  lirs 
0.00  lirs 
270  els 
5  111 !  n  . 

1) i  schargi’  (c f s)  (* ) 

0 

2  59 
99 
2  3 
5 
1 

0 


F0R.MULA  USKD: 

Kirpicli  Formula. 

y  I  3  0.385  From  Cal  i  lorn  i.i  Culvert.s  Practice,  Californi.i 

Tc  =  (  — If  ^  Highways  and  I’ublic  Works,  September,  19-'j2. 

Lg  =  0.6  Tc 
Tp  =  I  +  Lg 

48A  A.Q  1  •  1 

Qp  =  — — --  Q  =  Lxcess  Runoff  =  1  inch 
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•I'ABi j'; 

KAINI-AI.I VAI.|||:S 


Selected  Storm  Mvent 

Storm  Diirat  ion 
(Hours) 

R.  i  i  n  1  I  1  1 
(  1  nclii-s) 

Kiino  f  1 
(  1  111  lies) 

l.os:; 

(Ini'll";) 

Antecedent  Storm: 

PMP  (>VMC  11) 

24 

33.  H 

2H.  0 

4  . ') 

Pinal  Routing; 

PMP  (AMd  111) 

24 

33..H 

31.7 

1 

Additional  Data: 

1)  Soil  Cnnaervat  ion  Sorvico  Soil  ('.roup  II 

2)  Soil  Consorv.at  ion  Sorvico  Kunol  I  C.urvi'  (IN  =  H'i  (AMd  111)  lor  tii.-  I'M! 

3)  Soil  Conservation  Service  Ktinofl  (liirve  (IN  =  ()()  (AMC  II)  for  (lie 

1  percent  proli.ib  i  1  i  t  y  flood 

4)  Percentage  of  Drainage  U.isin  Impervious  10  jurcent 


TAIiLK  3 

ELKVATIUN,  SilRi'ACK  AREA,  STOKACK  AND  D  1  SCHAKC^ 


Elevation 

Lake 

Surface 

Lake  Storage 

Spil Iway 

(feet-MSL) 

Area  (acres) 

(acre-f t) 

Discharge 

626.0 

0 

0 

640.0 

1.5 

1  1 

646.6 

1.6 

25 

660.0 

5.1 

77 

- 

**666.0 

6.8 

113 

- 

*667.6 

7.2 

125 

0 

670.0 

7.y 

142 

255 

680.0 

10,7 

- 

- 

*Prlnclpal 

spillway  crest  elevation  (higher 

th.in  the  existing 

dam  elevation) 

**Top  of  dam  elevation 

The  above  relationships  were  developed  using  data  from  the  USCS 
Ste.  Genevieve,  MO-IL  7.5  minute  quadrangle  map  with  a  20  ft  contour 
Interval,  and  the  field  measurements. 
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SPII.LWAY 

RAT  INC  CllkVI-: 

Reservoir 

K1 ovation 
(MSL) 

I’r  i  nc  i  p.i 
Spill  way 
'  ‘(c‘f  sV 

*(i67.b 

0 

b68.0 

8 

b68. 5 

35 

669.0 

85 

669.5 

155 

670.0 

255 

670.5 

400 

670.9 

540 

671.0 

580 

*Principai  spillway  crest  elevation. 

Method  Used:  Assuming  critical  flow  <-ondition.s  on  a  trapezoidal  bro.id- 
crosted  weir  and  approacit  channel  losses  equal  to  31) 
percent  of  the  critical  velocity  head. 

Formula : 

2  3 

^  ^  Design  of  Small  Dams,  1974  Kdition,  Page  553,  Water  and  Power 

g  T  Resources  Service  (Formerly  USSR). 

Q  =  Discharge  in  cubic  feet  per  second 
A  =  Cross  sectional  area  in  square  feet 
T  =  Water  surface  width  in  feet 
g  =  Acceleration  of  gravity  in  ft/sec 


( 
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TABLl: 


Rt;5U!.T.;  or  tloou  koutinc,:: 


Ratio  P<-\.ik 

of  Inflow 

PMF  (cfa) 


Po.-ik  Lake 
nievatiori 
(ft,  MLL) 


Tola  I 
rUora^^e 
(aei’e-f  t  ) 


IVaf 

Oijtf  Low 
(cfo) 


1)'  ■;  1  i  ; 

( i  ij 

Ov,'  T 

at  !i  ilii 


i)  Antecedent  Storms 


- 

0 

"646.6 

25 

0 

0 

0.25 

220 

651.9 

46 

0 

0 

0.50 

440 

657.2 

66 

0 

0 

1.00 

880 

665.1 

107 

0 

2) 

Final  Routing 

(PMF) 

- 

0 

*657.2 

66 

0 

■; 

1.00 

910 

666.9 

120 

370 

0. 

3) 

Final  Routing 

(50  Percent  PMF) 

- 

0 

*651.9 

46 

0 

0 

0.5 

460 

662.3 

91 

0 

0 

The  percentage  of  the  PMF  that  will  reach  the  top  of  the  dam  war.  cstitt.ated 
to  be  90  percent. 

*Starting  reservoir  elevation  used  in  each  case  of  routing. 
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2  5  AND  50  I’KRCKNT  I’MK 
ANTKCEDI'NT  STORMS 
OUTPUT  DATA 
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IPPING  ANALYSIS  FOR  OOVRO  LAKE  DAM  (  #  2  )  (100  %  PMF) 


M.lx  .  I  11  I  1  DU’  ')]>)  els 
M.ix  .  Out  I  I  Dw  -  i  /()  r  f  s 


Sr'OOa>o>-i<NfO'i'invor~oocriOr-icsn^iri^r~oocn 

'Cr'^'^»|^^~f*■^~r^^^^~ooooooooooooooooooooa>o\o^o^o^o^o^o^o^o^oooooooooo 

iTiOinoiflomoinoinomoinomotnoiDoinoinoinoinoinoi^ioirioiooinoiri 

OiH»^cscNfnro<»^inmoorMc-(<NC'afnn^^ioinooi-ii-tcN«Nroro’<f'i>inir)OOi-irHfs<N 

^^^^^^^^Ti>^<<rmir)iniointninir)minininvovovovovovovovovovovovoi'--r-'t^r^r'r^ 


TIME  (lirs) 


INI'EOW-OUTKI.OW  IIYDKOCRAI’H 
I'OR  THE  PMK 
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PEAK  FLOW  AND  STOBAGE  (END  OF  PERIOD)  SUMMARY  FOR  MULTIPLE  PLAN-RATIO  BCDNCMIC  OOMFUTATIONS 
FLOWS  IN  CUBIC  FEET  PER  SErX)ND  (CUBIC  METERS  PER  SECOND) 

AREA  IN  SQUARE  MILES  (SQUARE  KILOMETERS) 
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50  I'KRCKNT  PMK 
OUTPUT  DATA 
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LIST  or  PHOTOOKAi'liS 


Photo  No. 


i 


Atn'i.ii  vi';W  of  h.ike  and  l)ain  (looking  iki.  i:) 


2 

3 

4 


7 


View  ot  cre.'jt  ot  embankment.  N'ote  bru.  h 
and  tree  j^i'cjvrtli  (looking  North) 

Upstream  slope  ot  embankment.  Note  tro'' 
gi'owth  (looking  North) 

Upstream  slope  of  embankment  nc'at  nr  inei; -jI 
spillway.  Note  apparent  low  area  of 
ombaakmeiit  and  rock  outcrof'ping  (looklru’ 
West ) 

View  of  lake  urea  (looking  South) 

Downstream  slope  of  embankment .  Note  grass 
cover  and  scattered  tree  growth  (looking 
South) 

Principal  .';|>illway  control  section  (lookinj’ 
South) 
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Principal  spillway  outlet  channel  (lookiiig, 
North ) 
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